Interactions between public research organizations and industry can be conceptualized as having three main stages: drivers of interaction, channels of interaction, and the perceived benefits from collaboration. Both of the agents differ in terms of the incentives they have to collaborate and the behaviors they adopt during the collaboration process. Following a three-stage model based on Crépon, Duguet, and Mairesse (1998), this paper discusses the impact of drivers of collaboration on channels of interaction, and the impact of these channels on the perceived benefits by researchers and firms. The methodology also allows firm-level benefits from interaction to be connected with researchers' characteristics via the analysis of four common channels of interaction for firms and researchers. The study is based on original data collected through two surveys, carried out in Mexico during 2008, of R&D and product-development managers of firms and of academic researchers. Our results show that all channels of interaction play an important role in determining benefits; however, they differ in terms of their impact on short-or long-term benefits for firms. The channels related to joint and contract R&D, property rights, and human resources are the best, as they have a higher impact on long-term benefits for firms. Policy implications derived from this study focus on specific actions that enhance those researchers' characteristics related to the best channels for fostering long-term benefits for firms.
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Introduction
The role of universities and public research centers (centers), hereafter public research organizations (PRO), 3 is evolving, from the formation of human resources and the generation of knowledge to the more specific focus of solving problems and attending to social needs (Etzkowitz and Leydesdorff, 2000; Göransson, et al., 2009) . There is plenty of evidence that PRO can make important contributions to increasing the economic performance of firms and attending to social needs in both developed and developing countries (Vessuri, 1998; Casas, et al., 2000; Cohen, et al., 2002; Arocena and Sutz, 2005; Albuquerque, et al., 2008; Bekkers and Bodas Freitas, 2008; Maculan and Carvalho, 2009; Perkmann and Walsh, 2009; Cassiman, et al., 2010) .
Interactions between PRO and industry (PRO-I) are seen as one of the key elements of the National System of Innovation (NSI). However, it is broadly recognized that PRO have evolved at a different pace and with only limited interaction with other agents in developing countries (Cimoli, 2000; Lall and Pietrobelli, 2002; Cassiolato, et al., 2003; Muchie, et al., 2003; Lorentzen, 2009; Dutrénit, et al. 2010b ). On the one hand, firms do not see PRO as a primary source of knowledge and a partner for innovation activities; on the other, academic researchers are more likely to be engaged in basic research than in technology-development projects. Thus the promotion of stronger PRO-I interactions can play an important role in consolidating NSI in developing countries, as such initiatives can promote virtuous circles in the production and diffusion of knowledge.
There is an increasing literature regarding PRO-I interactions that approaches several relevant issues, including drivers, channels of interaction, and perceived benefits. The authors focus either on PRO (e.g., Melin, 2000; Bozeman and Corley, 2004; Eun, et al. 2006; D'Este and Patel, 2007; Boardman and Ponomariov, 2009; Göransson, et al. 2009; D'Este and Perkmann, 2010; Wigren et al, 2011) or on the perspective of firms (e.g., Laursen and Salter, 2004; Hanel and St-Pierre, 2006; Fontana, et al., 2006; Mathews and Mei-Chih, 2007; Jensen et al. 2007; Ayadi, et al., 2009) ; still other studies have analysed PRO-I interactions from both perspectives (Carayol, 2004; Bekkers and Bodas Freitas, 2008; Intarakumnerd and Schiller, 2009; Dutrénit, et al., 2010; Arza and Vazquez, 2010; Fernandes, et al., 2010; Orozco and Ruíz, 2010) . Three stages of the linking process can be identified: drivers of interaction, channels of interaction, and the perceived benefits. Authors usually focus on one of these stages, and sometimes they address the links between certain channels (mostly joint R&D) and any benefits. By contrast, this paper analyzes both agents -PRO and firms -and aims to perform a systematic analysis of the nature of PRO-I interactions across the three stages of the linking process. We are particularly interested in connecting the benefits firms derive from interaction with researchers characteristics by analyzing the use of four channels of interaction by both agents. Hence, this analysis provides the basis for identifying the specific researchers characteristics that are important for fostering those channels that bring long-term benefits for firms -i.e., the best channels of PRO-I interaction.
The conceptualization of three stages of the linking process is relevant for innovation policy, particularly for those programs oriented toward fostering PRO-I interactions. Such programs have rarely recognized that the degree to which agents are engaged in collaboration differs according to their drivers (Dutrenit, et al., 2006) . Rather they have largely looked at increasing knowledge flows from PRO to industry through joint and contract research and patenting and have not acknowledged other channels that can foster stronger interactions, such as human resources mobility, training, and the sharing of tacit and codified knowledge. Sá and Litwin (2011) reviewed the policy mix in Canada to foster PRO-I collaboration and found that those programs provide incentives for interaction by increasing networking and collaborative research projects. However, these programs do not recognize that each agent has different reasons for interacting. D'Este and Perkmann (2010) found that researchers in the UK have different motivations to collaborate, and they suggest the implementation of other types of incentives to collaborate which are based on those motivations. Thus, one of the challenges for policy makers is to create incentives other than funding to improve PRO-I interaction (D'Este and Perkmann, 2010; Sá and Litwin, 2011; Leisyte, 2011) . In addition, channels of interaction differ in terms of their relative effectiveness on the benefits obtained by both agents (Arza, 2010) . This should also be taken into account by policymakers to ensure policy effectiveness. Thus, understanding the connection between firm-level benefits from interaction with researcher characteristics through four channels of interaction may help to identify specific policies which will foster sustainable long-term benefits and which may in turn improve the innovation performance of firms.
Concerning innovation policy in the Mexican case, one of the key agents of NSI is the National Council on Science and Technology (CONACYT), which was created in 1970 and has played an active role in designing and implementing that policy. Promoting PRO-I interactions has been a goal over the last decade; several programs designed to foster the innovation of firms include interactions as one of their objectives and have contributed to increased interactions or at least the perception of their importance. Probably the most effective program has been the fiscal incentives for R&D (Dutrénit, et al., 2010b) . From the PRO side, the incentives structure is dominated by the National Researchers System, which was created in 1984. This program provides both pecuniary stimulus (a monthly compensation) and non-pecuniary stimulus (status and recognition) to researchers according to their productivity and the quality of their research, and constitutes an important incentive for publishing papers in ISI journals. Thus any program to foster PRO-I interactions in Mexico is mediated in some way by the National Researchers System must to take that into account in its design.
In this context, this study is based on original micro data collected through two surveys, which analyzed PRO-I interactions carried out in Mexico during 2008. 4 One focuses on R&D and product-development managers of firms and the other on academic researchers, either from universities or centers. Based on the methodology which employs the three stages proposed by Crépon, et al. (1998) , 5 we build two models, one for researchers and one for firms, to identify the effect of drivers to collaborate on channels of interaction and the effect of these channels on the perceived benefits of interaction. This analysis provides the basis for connecting the benefits firms derive from interaction with researchers characteristics.
The remainder of this paper is divided into five sections. The second section reviews different bodies of literature that address the issues discussed here. Section three describes the strategy for data gathering and the methodology used. Section four presents and discusses the empirical evidence, and section five presents our conclusions.
Conceptual framework: interactions between PRO and industry
This section seeks to present a review of the literature that analyzes PRO-I interactions at each of the three stages of the linking process.
Stage 1: Why do PRO and firms engage in collaboration? The drivers of collaboration
It is widely recognized that PRO-I interactions represent an important factor for innovation and technology development (Cohen, et al., 2002) . Some authors argue that the nature of interactions changes as the country develops, as they reflect a co-evolution of factors which depend on the context, incentives, and agents' characteristics, particularly their absorptive capacities and embedded culture (Mowery and Sampat, 2005; Albuquerque, et al., 2008) . Following international trends, recent innovation policy in developing countries has focused on fostering PRO-I interactions by reproducing programs initially designed for developed countries. It does not clearly recognize either the differences in the initial conditions or that each agent responds to different incentives -academic researchers function within an academic framework, while firms depend on business reasoning. In fact, PRO and firms collaborate for different reasons; for instance, PRO are interested in acquiring new sources of funding and ideas for future research, sometimes in order to publish papers (Meyer-Krahmer and Schmoch, 1998; Lee, 2000; Welsh, et al., 2008; Perkmann and Walsh, 2009; D'Este and Perkmann, 2010) , while firms are interested in identifying potential employees and accessing sources of knowledge which can lead to industrial applications (Adams, et al., 2003; Arvanitis, et al., 2008) . In this sense, differences between the two perspectives are important for understanding the evolution of PRO-I interactions and designing specific policies to strengthen such interactions.
Studies analyzing the drivers of PRO-I interaction from the firm's perspective have found that structural, behavioral, geographical, and policy-related factors are the most important drivers of interaction. Structural factors include the firm's age (Eom and Lee, 2009; Giuliani and Arza, 2009) , the firm's size (Cohen et al., 2002; Santoro and Chakrabarti, 2002; Hanel and St-Pierre, 2006) , the sector and industrial environment (Laursen and Salter, 2004; Hanel and St-Pierre, 2006; Segarra-Blasco and Arauzo-Carod, 2008; Tether and Tajar, 2008) , and whether the firm is part of a group (Tether and Tajar, 2008; Eom and Lee, 2009) . Behavioral factors include the type of R&D activities performed by the firms (Segarra-Blasco and Arauzo-Carod, 2008) , the intensity of R&D (Laursen and Salter, 2004; Eom and Lee, 2009; Torres, et al., 2011) , and types of openness strategy to generate new ideas (Laursen and Salter, 2004; Dutrénit, et al., 2010a) . Recent research focuses on the impact of the geographical proximity of firms and PRO, which should be connected with high-quality research performed at these PRO (Broström, 2010; Laursen, et al., 2011) . Policy-related factors include business incubators (Nowak and Grantham, 2000; Etzkowitz, et al., 2005) , the fostering of industrial innovative clusters (Sohn and Kenney, 2007) , and the initiation of joint research projects. In addition, several authors have found that firms that invest highly in R&D are more prone to have higher absorptive capabilities to learn and interact with universities (Cohen, et al., 2002; Fontana, et al., 2006) and that they prefer to interact with high-quality universities (Laursen, et al., 2011) .
From the perspective of academia, some studies have found that institutional and individual factors explain the likelihood of engagement in PRO-industry interactions. Institutional factors include institutional affiliation (researchers working in centers have more opportunities to connect than those working in universities (Boardman and Ponomariov, 2009) ), the mission of the university (universities that emphasize entrepreneurship tend to collaborate more with firms than those that do not (Etzkowitz and Leydesdorff, 2000; Mowery and Sampat, 2005; Jain, et al., 2009) ), previous experience in technology-transfer (D'Este and Patel, 2007) , the scale of research resources and access to different sources of funding for research by the various departments (Lee, 1996; Schartinger, et al., 2002; Colyvas, et al., 2002; Bozeman and Gaughan, 2007) , and the quality of research (Mansfield and Lee, 1996; Schartinger, et al., 2002) . Individual factors include the gender and age of faculty members (Jensen, et al., 2008; Giuliani, et al., 2010; Arza and Vazquez, 2010; Wigren et al, 2011) , previous experience in interaction (Bekkers and Bodas Freitas, 2010) , the academic status of faculty members and their research fields (Friedman and Silverman, 2003; Bercovitz and Feldman, 2003; D'Este and Patel, 2007; Bekkers and Bodas Freitas, 2008; Jensen, et al., 2008; Boardman and Ponomariov, 2009; Rivera, et al., 2011; Wigren, 2011) , the extent of academic collaboration (Boardman and Ponomariov, 2009; Dutrénit, et al., 2010a; Rivera, et al., 2011) , faculty members' motivation (Jain, et al., 2009) , and the faculty members' centrality in the network (Giuliani, et al., 2010) .
Regarding regional proximity, Bishop, et al. (2011) and Laursen, et al., (2011) found that geographic proximity is an important determinant for firm-industry interaction; Broström (2010) confirms the importance of geographic proximity for fostering channels of interaction.
Stage 2: Which are the main types of knowledge transfered through channels of interaction?
Several studies focus on the core of the linking process -the interaction stage. Empirical evidence suggests that knowledge flows during PRO-I interaction through multiple channels, the most frequently recognized being: joint and contract R&D; the mobility of human resources (students and academics); networking; information diffusion via journals, reports, conferences, and the internet; training and consultancy; property rights; incubators; and spinoffs. According to Bekkers and Bodas Freitas (2008) , the relative importance of the various channels is similar among firms and academic researchers in Holland; however, academic researchers assign more importance to some channels than firms. In contrast, other authors argue that, from the industry perspective, joint R&D projects, human resources, networking, open science, and patenting are the most important channels (Narin, et al., 1997; Swann, 2002; Cohen, et al., 2002) , while from the PRO perspective, the most important ones they are joint and contract R&D projects, meetings and conferences, the mobility of human resources, training and consultancy, and the creation of new physical facilities (Meyer-Krahmer and Schmoch, 1998; Mowery and Sampat, 2005; D'Este and Patel, 2007; Perkmann and Walsh, 2009) . In this regard Dutrénit and Arza (2010) provide evidence of important differences in the preferred channels of interaction used by both agents in four Latin American countries.
Channels of interaction can be grouped into different categories according to the degree of formality (Vedovello, 1997 and Fritsch and Schwirten, 1999; Schartinger, et al., 2002; D'Este and Patel, 2007; Wright, et al., 2008; Perkmann and Walsh, 2009; Eun, 2009; Cassiman, et al., 2010; Leisyte, 2011) , the degree of interaction (Fritsch and Schwirten, 1999, Perkmann and Walsh, 2007; Santoro and Saparito, 2003; Schartinger, et al., 2002; Wright, et al., 2008) , the direction of knowledge flows (Schartinger, et al., 2002; Arza, 2010) and the potential of obtaining applied results (Wright, et al., 2008; Perkmann and Walsh, 2009 ). Perkmann and Walsh (2009) found that some types of formal interaction, such as joint R&D, result in academic publications, while this is less often the case for interactions such as contract research and consulting which have more applied objectives. Cassiman, et al. (2010) found that the type of channels of interaction used by multinational corporations varies with the type of knowledge involved in the interaction and the project-level characteristics. Arza (2010) argues that bi-directional learning channel (e.g., joint and contract research) and commercial channel (e.g., consultancy) may be the most effective way to convey novelty and therefore to allow technological upgrading. In this regard, Perkmann and Walsh (2009) assert that the forms of interaction grouped in these channels involve a higher level of articulation than other channels, thereby helping with the transmission of tacit knowledge.
From the PRO perspective, empirical evidence shows differences according to the nature and fields of research; individuals focused on applied research tend to favor the use of patents, human resources mobility, and collaborative research, while those involved in basic research favor publications and conferences (Meyer-Krahmer and Schmoch, 1998; D'Este and Patel, 2007; Bekkers and Freitas, 2008) . Channels of interaction are also related to the degree of motivation to interact (D'Este and Perkmann, 2010) and to the innovation cycle (Wright, et al., 2008) . From the viewpoint of industry, Schartinger, et al. (2002) and Cassiman, et al. (2010) emphasize the importance of using different channels, as it represents varying strategies to ensure research efficiency, allows access to different types of scientific and technological knowledge, and reflects differences in demand for knowledge according to the stages of innovation.
The emphasis on each channel or group of channels may be determined by the motivation to interact (Arza, 2010; D'Este and Perkmann, 2010) and the origin of financing (Bolli and Somogyi, 2011) ; these usually vary according to the field of knowledge and technology, and by the sector (Cohen, et al., 2002; Schartinger, et al., 2002; Laursen and Salter, 2004; Mowery and Sampat, 2005; Hanel and St-Pierre, 2006; Fontana, et al., 2006; Intarakumnerd and Schiller, 2009 ). As different sectors have different knowledge bases and innovation patterns (Pavitt, 1984; Asheim and Coenen, 2005) , they also employ different ways of interacting with academia and other sources of knowledge. Studies have shown that the perceived benefits from interaction are different for firms than for PRO. Firms benefit by obtaining a different perspective for the solution of problems and in some cases perform product or process innovation that, without interaction, could not have been possible (Rosenberg and Nelson, 1994) . Researchers obtain ideas for publication and future research, test applications of a theory and knowledge exchange, make contacts with firms, derive a new perspective from which to approach industry problems and shape the knowledge produced by PRO, and secure funds for the laboratories and supplement funds for their own academic research (MeyerKrahmer and Schmoch, 1998; Lee, 2000; Welsh, et al., 2008 ).
Researchers and firms reap different sorts of benefits, which can be grouped in varying ways. From the PRO perspective, Arza (2010) grouped benefits into two main categories: economic and intellectual. Economic benefits refer to the obtaining of research inputs and the securing of funds for laboratories, the acquisition of supplement funds for the researchers' own academic research, and the obtaining financial resources. Intellectual benefits refer to knowledge exchange, ideas for new scientific and research projects, academic publications, scientific discoveries, new perspectives from which to approach industry problems, the development of human resources, and the possibility of shaping the knowledge that is being produced. Dutrénit and Arza (2010) analyze this classification of benefits for researchers of four Latin-American countries. Lee (2000) and Perkmann and Walsh (2009) also analyzed some of these benefits. Wright et al. (2008) argue that each specific channel of interaction tends to favor either economic or intellectual benefits.
From the perspective of firms, Arza (2010) groups the benefits into two categories: production and innovation. Production benefits refer to short-term issues such as new human resources (Bishop, et al., 2011) , the use of resources available at PRO to perform tests and quality control, access to different approaches for problem-solving (Bishop, et al., 2011) , and contributions to the completion of existing projects. Other authors have also emphasized the development of new products and processes close to this group (Rosenberg and Nelson, 1994; Lee, 2000; Cohen, et al., 2002) . Innovation benefits refer to long-term issues, such as access to highly skilled research teams from PRO, the possibility of shaping the knowledge produced within academia, the identification of new R&D projects (Cohen, et al., 2002) , the selection or direction of firms' research projects (Eom and Lee 2010) , technology licenses and patents (Lee, 2000; Bishop, et al., 2011), 6 For biotechnology and pharmaceuticals, Cohen, et al. (2002) found that knowledge transfer by publications is more important. For chemistry, the important knowledge flows are patents, collaborative research and human resources mobility (Schartinger, et al., 2002) , and scientific output, informal contacts, and students (Bekkers and Bodas Freitas, 2008) . For electronics, the most important knowledge flows is human resources, especially through the hiring of students (Schartinger, et al., 2002; Balconi and Laboranti, 2006) . and access to university research and discoveries (Lee, 2000; Cohen, et al., 2002; Zucker, et al., 2002) . Dutrénit and Arza (2010) analyze this classification of benefits into production and innovation for firms of four Latin-American countries. Monjon and Waelbroeck (2003) found that whether benefits are derived from collaboration is firmspecific and depend on the firm's absorptive capacities to identify and exploit external knowledge.
Regarding the relationship between channels and benefits from interaction, most authors have analyzed the positive effect of joint and contract R&D on the benefits obtained either by researchers or by firms. Perkmann and Walsh (2009) found that joint R&D often results in academic publications, while other types of collaboration with more practical objectives, such as contract research and consultancy, lead to publications only if researchers make efforts to exploit collaboration for research purposes. With regards to firms, Adams, et al. (2003) , Hanel and St-Pierre (2006) , and Arvanitis, et al. (2008) found that PRO-I interactions through R&D bring different types of benefits, such as increases in innovation and productivity that have a positive impact on product development. Dutrénit, et al. (2010a) found that bi-directional (e.g., joint and contract research) and traditional (e.g., hiring of graduates) channels of interaction bring intellectual benefits to Mexican PRO, while bi-directional, traditional, and service (e.g., consultancy) channels bring production and innovation benefits for firms. Other Latin-American countries report some analogous results based on the same analytical framework. Arza and Vazquez (2010) found that bi-directional and the service channels bring intellectual benefits, and service channel yield economic benefits in the case of Argentinean researchers; traditional and bi-directional channels yield production and innovation benefits to Argentinean firms. Fernandes, et al. (2010) found that bi-directional, traditional, and service channels contribute to both intellectual and traditional benefits for university researchers, as well as to production benefits for firms, while bi-directional and traditional channels are relevant to innovation benefits.
In contrast, some works identified disadvantages of PRO-I interaction. They point out that a greater involvement with industry can corrupt academic research and teaching, by distracting attention from fundamental research. In addition, it can reduce the openness of communication among academic researchers and put restrictions on publishing, both of which are essential to academic research (Rosenberg and Nelson, 1994; Welsh, et al., 2008) . The positive and negative aspects of interaction have brought some debate regarding the new role of academia regarding the increasing interaction with industry. Rosenberg and Nelson (1994) argue that, on the one hand, universities can and should play a larger and more direct role in assisting industry (a view held mostly by firms), while on the other hand, some researchers see these developments as a threat to the integrity of academic research (the view mostly of academics). Welsh, et al. (2008) stress that maximizing the benefits of academic research requires the development of policies that increase interaction while protecting the autonomy and freedom of researchers. This discussion is particularly relevant to developing countries, as universities could play an important role in their development, a process which requires greater focus on economic and social needs (Vessuri, 1998; Casas, de Gortari and Luna, 2000; Arocena and Sutz, 2005; Albuquerque, et al., 2008; Maculan and Carvalho, 2009; Göransson and Brundenius, 2011) .
Conceiving of the linking process as a three-stage process
This paper conceptualizes PRO-I linkages as a process that can be divided into three different stages: i) drivers of interaction; ii) channels of interaction (i.e., knowledge flows through different channels of interaction); and iii) the perceived benefits of collaboration.
As mentioned above, the literature generally approaches these stages independently and focuses either on one specific channel or links certain channels (mostly joint R&D) and benefits. However, we suggest that there is a connection between the three stages namely that: different drivers to collaborate determine specific types of knowledge flows through certain channels, and these channels also have an impact on the specific benefits that agents perceive from interaction. Hence, obtaining a deeper understanding of the behavior of PRO's researchers and firms requires a systematic approach toward the linking process as a whole, with particular focus on its three stages. In addition, by analyzing how both agents use the same channels, it is possible to build connections among their behaviors. Based on micro data from the Mexican case, this paper empirically tests these links from the perspective of both agents. In particular, this paper explores the three stages and connects firms' benefits with researchers' characteristics through analysis of four different channels of interaction. Even though the literature on PRO-I interactions is quite broad, to our knowledge these specific aspects have not been approached in previous research.
Methodology
Data collection and sample characteristics
Our study is based on original data collected through two surveys conducted on PRO-I interactions and carried out in Mexico during 2008. R&D and product development managers answered the Roks survey of firms, which includes questions about innovation and R&D activities, sources of knowledge and forms of PRO-I interaction, the objectives of and benefits derived from interaction, and the perception of the main role of PRO. Researchers working at PRO answered the Roks survey of researchers, which includes researchers and team characteristics, forms of PRO-I interaction, and personal and institutional benefits from interaction.
Regarding researchers, the sample was constructed from the National Researchers System (NRS) database. Only researchers from six fields of knowledge were included (Physics & Mathematics; Biology & Chemistry; Medicine & Health Sciences; Social Sciences; Biotechnology & Agronomy; and Engineering). Initially the questionnaire was sent by e-mail to 10,100 researchers but the response rate was very low. We then turned to a shortlist, provided by CONACYT, of 2,043 researchers from all the fields of knowledge that are quite active in applying for public grants. We complemented this list with one of 1,380 researchers working in engineering departments of the main PRO in order to include researchers that do not belong to the NRS but tend to have linkages with firms. Eventually the response rate was 14%. For this paper, the sample consisted of 385 researchers ascribed to PRO, with 81% of them belonging to the NRS and 61% having links with industry.
The distribution of researchers' fields in the sampe is as follows: 17% in Physics & Mathematics, 23% in Biology & Chemistry, 6% in Medicine & Health Sciences, 24% Biotechnology & Agronomy, and 30% in Engineering. Of the researchers, 87% have a PhD, 7% a master's degree, and 6% only an undergraduate degree. In terms of the institutional affiliation, 58% of researchers work at universities. Within PRO, researchers from centers tend to connect more than those affiliated with universities (75% and 51%, respectively). In the total sample, 71% of researchers belong to a research group, and 61% of the research groups have links with firms. Regarding the research type, 52.7% of researchers do basic science, 26.8% applied science, and 20.5% technology development. On average, research groups consist of 6 members (including PhDs, post-docs, and technicians).
Regarding firms, the sample was constructed from lists of firms that have participated in various programs managed by federal and regional government agencies, such as fiscal incentives for R&D and sectoral funds. 7 The firms' database was composed of 1,200 firms; 70% of them have benefited from public funds to foster R&D and innovation activities. The response rate was 32.3%. For this paper, the sample consisted of 325 innovative firms from all manufacturing sectors; non-innovative firms were excluded. Linked firms have larger R&D departments, 85 % of them employ a human resource base that is highly skilled to perform R&D activities and tend to use other information sources more extensively than those without links. Firms that benefited from fiscal incentives for R&D have a higher tendency to interact than otherwise, as 84% of them have links with industry. Firms with foreign investment represent 33% of the total sample; they have about the same tendency to interact as nationally owned firms (70%). In terms of the size of firms, most are medium-sized (42%) and large (42%); only 16% are micro and small. Micro/small and large firms tend to interact more (80%) than medium-sized firms (68%).
Participation in both surveys was voluntary; thus there is probably a response bias towards PRO-I interaction regarding those researchers and firms that actually interact and were keener to answer this questionnaire. In addition, the firms' survey includes a large proportion of firms that have obtained public funds to foster R&D; thus they may perform R&D activities more, and interact more with PRO, than others.
Construction of variables
We conducted a systematic analysis of the three stages of the linking process for firms and researchers. The first stage focuses on the analysis of drivers of interaction; we identify the impact of different variables that affect the probability of linking by researchers and firms. The second stage focuses on the analysis of channels of interaction; we identify the impact of different variables that affect the preferences for different channels. The analysis of the second stage was performed only for researchers and firms that actually interact, correcting for a possible selection bias. In the third stage we identify the impact of different variables on the perceived benefits by both researchers and firms; we incorporate the predictors from stage two to identify the particular impact of each channel of interaction on the benefits of interaction.
The key variable for stage two is channels of interaction, and for stage three, benefits from interaction. To build the variable 'channels of interaction', we relied on a question that asked researchers and firms to evaluate the importance of each form of interaction. Ten forms of interaction were classified into four channels following a methodology of factor analysis by factor reduction (Table 1) . 9 The results of the classification of firms and researchers are similar; however, the factor loads for each form of interaction for firms and researchers within the same channel differ. To build the variable 'benefits' for researchers and firms, we analyzed a question where the two groups evaluated the importance of each benefit of interaction. For firms' benefits, we relied on a question where firms evaluated the importance of achieving specific objectives from their interaction with PRO; we considered only the cases where firms evaluated the results of interaction as positive. Drawing on ten individual benefits, we identified three types of benefits from interaction following a methodology of factor analysis by factor reduction ( To build the variable of researchers' benefits, we relied on a question asking researchers to evaluate the importance of benefits during their interaction with firms. We performed a factor analysis by factor reduction and grouped the benefits into two factors: economic benefits (EconomicB) and intellectual benefits (IntellectualB) ( Table 3 ).
11 We also identified different independent variables that affect each of the three stages of the linking process for researchers and firms. Drawing on the literature, for firms we analyzed variables related to structural factors, such as firms' characteristics (size, sector, and ownership), and variables related to behavioral factors (R&D capabilities, innovation strategy, and linking strategy with PRO). Regarding innovation strategy, one of the variables we analyzed was openness strategy. Drawing on Laursen and Salter (2004) 12 to build four factors by principal components that express the firm's openness strategy to obtaining information from external sources 13 (Table 4) . For researchers we analyzed individual factors (knowledge skills, experience, and academic collaboration) and institutional factors (institutional affiliation, and linking strategy with firms) (Table 5) . 
The model
Following a three-stage model based on Crépon, et al. (1998) , we conceptualized PRO-I linkages as a systematic process that can be explored through three different stages: i) drivers of interaction, ii) channels of interaction, and iii) the perceived benefits of collaboration. We suggest that different drivers of collaboration favor specific types of channels of interaction, and that these specific types of channels favor certain benefits of interaction.
Our model consists of three equations, one for each stage of the linking process. We used a Heckman two-step estimation model for the first and second stages (Heckman, 1978) , which helps isolate the factors that affect the selection process and reduces the selection bias. In the first stage of the model (drivers), a Probit regression is computed to identify the main drivers that affect the probability of linking. The dependent variable (di) is a dummy variable that equals 1 when the firm or researcher is connected. The vectors of independent variables in these equations are those features of researchers (RD i ) and firms (FD i ) that affect their probability of linking. This stage also estimates the inverse mills ratio for each researcher or firm, which is used as an instrument in the second regression to correct the selection bias. The second equation (channels) is a linear regression to identify the main determinants of the channels of interaction. The dependent variable (c i ) is a pseudo-continuous variable that expresses the importance of the channels of interaction. The vectors of independent variables are those features of researchers (RC i ) and firms (FC i ) that determine the specific channels. We conceptualized one equation for each type of channel for researchers and firms. We performed the second equation only for those firms and researchers that actually interact, using the inverse mills ratio from the first equation to correct for a possible selection bias. During the third stage (benefits), we build a linear regression to identify the main determinants of obtaining benefits from collaboration. The dependent variable (b i ) is a pseudo-continuous variable that expresses the importance of benefits from interaction. The vectors of independent variables are those features of researchers (RB i ) and firms (FB i ) that determine the specific benefits of interaction. We developed one equation for each type of benefit for researchers and for firms. During this stage we incorporate the predicted values from each channel of interaction from equation (2). As we identified three types of benefits for firms and two types of benefits for researchers, we have a set of three equations for firms and a set of two equations for researchers. Following this methodology it is possible to identify the impact of drivers on channels of interaction, and the impact of channels on the benefits of interaction for each agent. This methodology also allows connecting firms' benefits and researchers' features/characteristics for each channel of interaction in an indirect way. a) Model 1. Firms: 
Main findings
The results of our analysis suggest that academia is an important source of knowledge for firms, and that PRO-I interaction represents an important source of ideas that shape knowledge produced within academia. This paper focuses on the firms' point of view -in particular, on the best channels of interaction for them -and identifies the main researchers characteristics that contribute to strengthening long-term benefits for firms that emerge from interaction; this discussion is provided in section 4.3. This paper also discusses certain differences within the three stages of the linking process. On the one hand, firms and PRO have different drivers of collaboration and tend to prefer diverse channels of interaction; on the other hand, the impact of these channels on specific benefits differs. This analysis is provided in sections 4.1 and 4.2. 3) for firms. We observe that the coefficients of the four different selection equations (1.1) do not vary greatly, and that Prob>chi 2 is significant in the four equations for channels of interaction. Thus, the results of these equations reflect a robust Heckman model. According to the results for firms in our sample, at stage one, behavioral factors related to R&D activities (innovation capabilities and innovation strategy) are more important drivers for interaction than are structural factors related to firm size (Cohen, et al., 2002; Santoro and Chakrabarti, 2002; and Hanel and St-Pierre, 2006) or sector (Laursen and Salter, 2004; Hanel and St-Pierre, 2006; Segarra-Blasco and Arauzo-Carod, 2008; and Tether and Tajar, 2008) and to ownership. On the other hand, our results confirm those by Laursen and Salter (2004) , Eom and Lee (2009 ), Torres, et al. (2011 ) and Dutrénit, et al. (2010a , who hold that the most important drivers are innovation capabilities (formalization of R&D activities), followed in our case by innovation strategy (openness strategy related to access to open information, consulting and research projects with other firms, suppliers, market, and fiscal incentives for R&D). Even though the significance of fiscal incentives for R&D as drivers of collaboration is not strong in our case (only 10%), it is in line with those results obtained by Segarra-Blasco and Arauzo-Carod (2008) and Bekkers and Bodas-Freitas (2010) , who found that access to public funds for R&D activities is an important determinant of collaboration.
Firms
Results from equations (1.2.1), (1.2.2), (1.2.3), and (1.2.4) suggest that behavioral factors of the firms in our sample are important determinants of channels of interaction, and that each explanatory variable has a different impact on each type of channel. Fiscal incentives for R&D constitute an important determinant for IPRChannel, which suggests that policy programs to stimulate private R&D are successfully promoting patenting, a very rare activity among Mexican firms. With a less robust coefficient, fiscal incentives also have a positive impact on the ProjectChannel; this indicates that the use of fiscal incentives for R&D encourages PRO-I interaction through specific research projects, thus contributing to a virtual circle of the creation and diffusion of knowledge. The negative significance of fiscal incentives on the HRChannel might indicate that firms that are granted such incentives prefer to use highly skilled human resources to perform complex projects rather than hiring recent graduates. There seems to be a pattern in terms of the type of PRO and the preferred channel of interaction. Linking with universities promotes the use of HRChannel and the IPRChannel, while linking with PRO promotes the use of ProjectChannel and InfoChannel. Linking with both universities and centers promotes the use of ProjectChannel and HRChannel. Some behavioral channels showed an impact on PRO-I interaction at a lower level. Nationally owned firms tend to use the InfoChannel and the IPRChannel more actively; firms with foreign investment do not tend to use these channels as much as nationally owned firms, probably as a result of their privileged access to foreign technologies at headquarters or their interactions with foreign PRO.
Regarding benefits from interaction, several authors argue that different channels of interaction have a positive effect on benefits perceived by researchers and firms (Wright, 2008; Arza, 2010) . From equations (1.3.1), (1.3.2), and (1.3.3), we found that the four channels of interaction are important ways of obtaining benefits from collaboration, but they have different impacts on each type of benefit. Regarding RDCapB benefits, the important channels are ProjectChannel, followed by IPRChannel and HRChannel. These results are similar to those of Adams, et al. (2003) , Arvanitis, et al. (2008) , and Dutrénit, et al. (2010a) , who found that PRO-I interactions through R&D, yield increases in innovation and productivity. This has a positive impact on innovation activities, as firms engage in more formal R&D activities with PRO. R&D intensity, as measured through human resources in R&D, is an important determinant for RDCapB benefits, which is in line with the results of Bishop, et al. (2011) . Regarding the non-RDCapB benefits, we found that the HRChannel and the duration of linkages are significant and important determinants. Interaction through the hiring of recent graduates plays a key role in increasing firms' absorptive capacities through non-R&D mechanisms (Cohen, et al., 2002; Bishop, et al., 2011) . As for the Quality Benefits, we found that the InfoChannel is an important determinant. These results, which underscore the fact that each type of channel of interaction has different impacts on benefits from collaboration, contribute to the results of Dutrénit, et al. (2010a) , Arza and Vazquez (2010), Fernandes, et al. (2010) , and Orozco and Ruíz (2010) . aHRChannel ( From the researchers' perspective, results from our sample confirm findings by other authors regarding determinants for interaction. For instance, we found that individual factors such as type of research, research field (Friedman and Silverman, 2003; Bercovitz and Feldman, 2003; D'Este and Patel, 2007; Jensen, et al., 2008; Bekkers and Bodas Freitas, 2008; Boardman and Ponomariov, 2009 ) and degree, and institutional factors such as institutional affiliation (Boardman and Ponomariov, 2009) , are important determinants of collaboration. However, some differences arise in our sample of Mexican researchers. Researchers without postgraduate degrees and those working in centers are more likely to connect with industry than otherwise, and researchers who carry out basic research and technology development tend to connect more than those who carry out applied research. These results confirm those found by Dutrénit, et al. (2010a) ; hence we argue that this is quite specific to the Mexican case, as the incentives structure (National Researchers System program) and the scarcity of resources seem to stimulate researchers doing basic science to interact with industry, particularly by accessing public funds that foster PRO-I interaction. Our results also show that researchers in certain knowledge areas, such as Biology & Chemistry and Engineering, tend to collaborate much more than those from Medicine & Health Sciences. These results seem to complement those found by Dutrénit, et al. (2010a) and Arza and Vazquez (2010) , as, according to their findings, researchers from Biotechnology & Agronomy tend to connect more than those in Physics & Mathematics. The latter is in line with the ideas of the Pasteur quadrant proposed by Stokes (1997) .
Researchers
Regarding the second stage of the linking process, we found that researchers in Biotechnology & Agronomy tend to use the InfoChannel much more than researchers from Medicine & Health Sciences. This confirms the results by Cohen, et al. (2002) , as publications, which are one form of interaction included in the InfoChannel, are particularly important for Biotechnology. With regard to the IPRChannel, we found that public research grants and researchers with PhD degrees are important determinants for fostering this channel. Bolli and Somogyi (2011) obtained similar results and argue that channels of interaction are stimulated by different types of funding. In our case, public financing fosters the IPRChannel. Fields of knowledge also seem to play a key role, as Medicine & Health Sciences tend to use this channel more than do Biotechnology & Agronomy or Engineering. This finding complements the results obtained by Schartinger, et al. (2002) , who argue that knowledge flows through patents are particularly important for Chemistry. We found that, for researchers in our sample, the size of the research group -and in particular small team size -is an important determinant for the ProjectChannel and the HRChannel, since interaction within the group tends to be more focused if the group is small; moreover, it may involve the more complex forms of knowledge that are required for carrying out R&D projects with industry.
From equations (2.3.1) and (2.3.2) we found that the four channels of interaction are important determinants for obtaining benefits from collaboration, but they have different impacts on each type of benefit. Regarding economic benefits, our results suggest that the InfoChannel, ProjectChannel, and HRChannel have a positive impact on economic benefits. The ProjectChannel is most likely to play an important role if research is financed by firms. These results are in line with those by Wright et al. (2008) , who found that contract research has an important effect on university royalties. The IPRChannel does not represent a significant determinant of economic benefits for researchers, and it only slightly impacts intellectual benefits, which suggests that neither group derives much economic or intellectual benefit from this channel; this argument has important policy implications, as a major goal of innovation policy is to increase patenting activity in Mexico. However, this result requires further research in the Mexican context. Other less important determinants are related to the type of research, with researchers who perform technology development being more inclined to obtain economic benefits; similar results were obtained by Dutrénit, et al. (2010a) . Regarding intellectual benefits, only the InfoChannel has a strong and positive impact on the researchers in our sample. The ProjectChannel and the HRChannel have less of an impact on intellectual benefits. However, we did not find the ProjectChannel to be an important determinant of intellectual benefits, which partially contradicts Wright et al. (2008) and Dutrénit, et al. (2010a) , who found that the ProjectChannel does bring intellectual benefits to researchers. Other individual factors also have an important role in obtaining benefits from collaboration; young researchers who initiate the collaboration process tend to obtain more intellectual benefits than those who don't. These results confirm those of Bekkers and Bodas Freitas (2010) and Jensen, et al. (2008) , and complement those of Giuliani, et al. (2010) , who found that younger researchers tend to establish more PRO-I linkages. On the other hand, Wigren et al. (2011) make an argument that moresenior researchers in Sweden have a greater amount of research time and are more active in diffusing and commercializing their research results. It is important to note that collaboration initiated by firms does not seem to play an important role in perceived benefits; however, collaboration financed by firms does bring economic benefits to researchers.
Connecting the behavior of firms and researchers through channels of interaction
Previous studies that focus on the analysis of PRO-I interaction from the PRO perspective have contributed to an understanding of the process of knowledge transfer and, to a lesser extent, its impact on firms' innovation activities (Vessuri, 1998; Casas, et al., 2000; Cohen, et al., 2002; Arocena and Sutz, 2005; Albuquerque, et al., 2008; Bekkers and Bodas Freitas, 2008; Maculan and Carvalho, 2009; Perkmann and Walsh, 2009; Cassiman, et al., 2010) . It is recognized that, during the collaboration process, researchers derive economic and intellectual benefits. In fact, as researchers derive more benefits from interaction, they support collaboration with industry more actively. This paper contributes to the literature by exploring the connection between firms' benefits and researchers' characteristics. We make this connection by exploring their behavior in relation to the use of channels of interaction and by identifying which channels produce the most long-term benefits for firms, and which researchers characteristics best explain the use of these channels.
As shown in table 6, main benefits that firms derive from interaction are related to the strengthening of capabilities through R&D, the strengthening of capabilities through other innovation activities, and improvements in quality. The benefits to firms range from short to long-term benefits. Short-term benefits are associated with increases in quality, while long-term benefits are related to the strengthening of capabilities through R&D and on innovation activities other than R&D. In other words, long-term benefits are associated with an increase in knowledge content that leads to new ideas for research projects or with an increase in absorptive capabilities by firms (Cohen and Levinthal, 1999) .
By connecting long-term benefits for firms and researchers characteristics through the use of the same channels of interaction, we found that the four channels yield positive benefits for PRO and firms ( fig. 1) . However, the best channels -i.e. those associated with long-term benefits for firms -are the ProjectChannel, the IPRChannel, and the HRChannel. This is due to their potential to generate innovations (Rosenberg and Nelson, 1994) . The HRChannel also has significant results for other long-term benefits for firms related to strengthening capabilities based on other innovation activities that are not based on R&D, which also lays the ground for strengthening absorptive capacities and the possibility of engaging in future successful collaboration with PRO (Swann, 2002; Cohen, et al., 2002; Wright, 2008) . In contrast, the InfoChannel brings only shortterm benefits for firms. Regarding the three channels that may contribute to long-term benefits for firms, it is important to look at the specific researchers characteristics, which drive their use, as well as the characteristics of the firms. Figure 2 shows the specific characteristics of researchers and firms that affect channels of interaction. Concerning researchers characteristics in our sample, those that turned out to be the most important for the channels that generate the best benefits for firms -i.e., lng-term benefitswhere the number of researchers, whether they hold a PhD degree, and whether they access public funding; some areas of knowledge also have an impact on those same channels. We found a negative relationship between the number of researchers on the team and the likelihood of interactions being established through the ProjectChannel and HRChannel. This result indicates that one of the researchers characteristics that foster these channels is belonging to small research groups which are well integrated and focused on specific problems.
Researchers who hold PhD degrees in Medicine & Health Sciences rather than in Biotechnology & Agronomy or Engineering tend to connect more through the IPRChannel. Schartinger, et al. (2002) and Balconi and Laboranti (2006) also found that certain areas of knowledge tend to use this particular channel of interaction; however, in their study the areas were electronics and biotechnology. Our results also suggest that public financing granted to researchers in our sample stimulates the use of this channel, which has direct policy implications.
HRChannel has been identified as one of the most important channels during PRO-I interaction (Narin, et al., 1997; Swann, 2002; Cohen, et al., 2002; Meyer-Krahmer and Schmoch, 1998; Mowery and Sampat, 2005; D'Este and Patel, 2007; Perkmann and Walsh, 2009; Dutrénit, et al, 2010) . The researchers characteristic that most strongly promotes this channel is membership in small research groups. Knowledge fields from Biotechnology & Agronomy and from Engineering also promote this channel, but at a lower level, which is in line with the findings of Schartinger, et al. (2002) and Balconi and Laboranti (2006) regarding differences by knowledge areas.
Concerning the characteristics of firms, fiscal incentives for R&D, and links with universities or centers were shown to be important for those channels that generate the best benefits for firmsi.e., long-term. To foster ProjectChannel, firms prefer to interact either with centers rather than with universities, or with both types of organizations at the same time, in order to focus more on technology development and applied research than on basic research. This result confirms those by Boardman and Ponomariov (2009) , as they argue that researchers in centers are more eager to interact than are researchers from universities. Centers in Mexico are usually project-oriented and have had increasing motivation to perform applied research in collaboration with firms.
Fiscal incentives for R&D have been shown to have some positive impact on this channel from the firms' perspective; however, it seems necessary to identify fiscal incentives that could be better taken advantage of by more innovative firms.
Our results regarding the IPRChannel suggest that, in order to stimulate this channel, it is important to promote fiscal incentives, as there is a strong association between having benefited from fiscal incentives for R&D and the use of this channel. In fact, this public program looks upon patenting as an expected result of providing such fiscal benefits. This result suggests that some of the objectives of the program are being accomplished. National ownership, and linking only with universities, stimulate this channel to a lesser degree.
To stimulate the HRChannel, firms would prefer to connect with universities only, or with universities and centers at the same time. Even though the significance is low, we determined that fiscal incentives for R&D play a negative role in achieving this type of benefit, which might be related to the fact that firms prefer to connect through the ProjectChannel if they have access to fiscal incentives; the hiring of recent graduates is not a priority, as firms need human resources with research experience to perform specific projects.
Overall, our evidence suggests that firms prefer to collaborate with centers and universities to strengthen R&D capabilities based on R&D and capabilities based on innovation activities other than R&D. The main researchers characteristics that foster this type of long-term benefit for firms are related to the characteristics of individuals (PhD degree, areas of knowledge, and size of research team), and to institutional characteristics (access to public funds). Thus, researchers from Biotechnology & Agronomy and Engineering who work in small teams and have pubic funding promote long-term benefits. The main firms characteristics that reinforce these benefits are related to behavioral and structural characteristics, such as links with universities, links with centers, and fiscal incentives.
Conclusions
This paper contributes to the present discussion of PRO-I interaction by connecting firms' benefits and researchers' characteristics through four channels of interaction and identifying the best channels for the long-term benefits of firms. We do so by proposing a methodology to analyze three stages of the linking process for researchers and for firms individually; we then connect both results and test that outcome with two samples of firms and researchers.
We argue that the best channels of interaction are those that contribute to firms obtaining longterm benefits. For the samples of firms and researchers included in this study, we found that the ProjectChannel, IPRChannel, and HRChannel play a key role in increasing firms' capabilities based on R&D and on innovation activities other than R&D. This is in line with the results of Rosenberg and Nelson (1994) , Lee (2000) and Cohen, et al. (2002) regarding the importance of developing new products, and of Zucker et al. (2002) , Adams, et al. (2003) , Hanel and St-Pierre (2006) , Arvanitis, et al. (2008) , Eom and Lee (2010) and Bishop et al. (2011) regarding the importance of increasing innovative and R&D capabilities. In contrast, the InfoChannel is important only for short-term benefits associated with quality control, as argued by Arza (2010) and Bishop et al. (2011) .
The main characteristics of researchers that foster long-term benefits for firms are related to individual and institutional characteristics, such as degree, field of knowledge, size of research team, and the acquisition of public financing for research. More specifically, researchers who have PhD degrees, collaborate academically in small research teams, and work in certain fields of knowledge -which might vary according to the channel of interaction -are more likely to have a potential impact on the long-term benefits of firms. Public financing granted to researchers also has a positive impact on the long-term benefits for firms.
Based on both researchers' and firms' characteristics, we have gained insights into the specific determinants that strengthen different channels of PRO-I interaction, which yields several challenges for policy. Concerning the ProjectChannel, sources of public funding should identify the best small research groups in centers that are more inclined to connect with others, and also should introduce new schemes for fiscal incentives for R&D, as firms that benefited from this program tend to use this channel more. With regard to fostering the IPRChannel in order to contribute to long-term benefits for firms, our results suggest that public policy should focus on supporting those researchers that who PhDs in key areas -e.g., Medicine & Health Sciences. It is also important to encourage patenting within the scheme of PRO-I collaboration, with careful definition of the ownership of the patent. Relating to the HRChannel, encouraging interaction with small research groups from Biotechnology & Agronomy and Engineering might have positive effects. Some other conclusions regarding the three stages of the linking process suggest that, during the interaction process, some differences in the importance of the factors emerge, and these also have policy implications. Concerning the drivers of interaction, researchers without PhD degrees tend to interact more than PhD holders, but once the interaction has started, researchers with postgraduate degrees use those channels of interaction that have a positive effect on long-term benefits for firms. Thus it is important to find the right stimulus within the National Researcher System for PhD holders who promote successful interaction. Researchers affiliated with centers tend to interact more than researchers who are affiliated with universities; the challenge here for policy is threefold: to design specific stimulus within the National Researcher System in order to promote the interaction of university researchers; to create and strengthen technology transfer offices at universities; and to design programs to stimulate interactions targeted at researchers affiliated with research centers.
Regarding benefits, our results confirm that researchers are interested in receiving both economic and intellectual benefits (Meyer-Krahmer and Schmoch, 1998; Lee, 2000; Welsh, et al., 2008; Perkmann and Walsh, 2009) , and that firms are interested in long-term benefits to perform research projects and increase absorptive capabilities (Adams, et al., 2003; Arvanitis, et al., 2008) . This indicates the importance of creating programs to foster ProjectChannel, IPRChannel, and HRChannel during PRO-I collaboration, as these channels contribute to benefits for both agents. From the researchers' perspective, we found that other variables related to individual factors are important determinants of benefits, which indicate that collaboration is based on trust. One of the mechanisms for building trust among agents is the creation of informal spaces for interaction, which might contribute to enhanced benefits, as has been argued by Wright, et al. (2008) , D'Este and Perkmann (2010) , and Sá and Litwin (2011).
Summing up, this paper makes the argument that in order to strengthen firms' innovative linkages, policymakers should put emphasis on promoting researchers' and firms' characteristics related to different forms of interaction while looking for the best articulation of the supply and demand of knowledge -i.e., the best channels of interaction for firms. The designing of creative policies to encourage the mutual reinforcement of interaction and long-term benefits is required. In the Mexican case, policies to encourage channels of interaction from the researchers' perspective require a rethinking of the structure of the National Researcher System, with an eye to promoting interaction, recognizing the importance of collaboration with industry, and promoting incentives for researchers who actually collaborate. If the National Researcher System would promote the creation and consolidation of small research groups with more focused activities, it could contribute in that direction. Policies to encourage channels of collaboration from the firms' perspective should take into account the design of fiscal incentives for R&D targeted at national firms and should emphasize the importance of research and collaboration on certain fields of knowledge, such as Medicine & Health Science, Biotechnology & Agronomy, and Engineering.
Policy-makers should also be attentive to possible tangential effects derived from policies not designed specifically to encourage PRO-I interactions. An example of this is, again, the program of fiscal incentives for R&D, an instrument that has helped to foster PRO-I interactions. Learning through interaction may have been a by-product of this program, thus showing the potential benefits that could be obtained from that relationship. Policy instruments such as this may help to overcome barriers to interaction, but the analysis of those impacts requires further investigation. This study has also identified some barriers that fiscal incentives have imposed on certain channels of interaction, such as the HRChannel. Encouraging firms that apply for fiscal incentives for R&D to hire recent graduates may provide improved results for innovation in this context.
Finally, this paper is based on large samples of firms and researchers. Further research might test the methodology and the findings using more complete databases for researchers and firms at a broader national level. 
